INTRODUCTION
Although barley and wheat protoplasts are routinely isolated from a number of cell types such as leaf mesophyll, scutellar epithelium, aleurone and cell cultures, metabolically active protoplasts from starchy cereal endosperm have been found to be difficult to prepare.
In fact, there are only two recent reports (Lee et al. 1991, Diaz and in which reproducible procedures to obtain viable protoplasts from such a tissue have been described. Since wheat and barley are recalcitrant to stable transformation and regeneration, transient transformation of protoplasts from these species can be used to study gene expression and regulation.
For these experiments chimeric constructs derived from the gene promoters under study are transcriptionally fused to reporter genes, and protoplasts from different tissues s
In wheat and barley kernels a substantial fraction of the albumins and globulins is represented by a very complex multigene family of proteins that are inhibitors of heterologous enzymes(proteases/u-amylases). These inhibitors may have a role in the plant defence mechanism against insect pests and
Correspondence to: P. Carbonero microbial pathogens (For reviews see GarciaOlmedo et al. 1992 , Carbonero et al. 1993 . One of the best studied members from this family is the barley trypsin inhibitor, BTICMe.
This 13 kDa protein, which is very abundant in barley endosperm, inhibits trypsin but is inactive against other proteases such as chymotrypsin, elastase, papain, pepsin or the endogenous proteases of green malt (Miko!a and Soulinna 1969) and does not inhibit s-amylases (Barber et al. 1986 ).
As its maize homologue (Mahoney et al. 1984) , the BTI-CMe is also active towards plasma kallikrein and the activated Hageman factor (8-factor XII a of the blood clotting cascade) (Chong and Reeck 1987) .
Both cDNA and genomic clones have been characterized and BTI=CMe gene expression has been shown to be dependent On trans acting factor(s) (RodriguezPalenzuela et al. 1989 , Royo 1991 .
A structural and functional investigation of the promoter of this gene should contribute to the identification of cis regulatory elements involved in its control.
We report here the functional characterization of the BTI-CMe promoter through transient expression studies in protoplasts from different tissues and show that this promoter discriminates not only between endosperm and leaf protoplasts but also between wheat and barley endosperm protoplasts and that all the information required for this species and tissue specificity is condensed in the 343 bp promoter fragment close to the ATG initiation codon.
MATERIALS AND METHODS

Plant Material.
Barley (Hordeum vulgare L. cv Bomi), wheat (Triticum aestivumL, cvChinese Spring) and tobacco (Nicotiana tabacumL, cvW38) were used throughout this study.
Isolation of protoplasts from wheat and barley developing endosperm.
Wheat and barley endosperms from early developmental stages (up to 15 days after pollination) were the starting material for the isolation of metabolically active protoplasts that were prepared essentially as described by Diaz and Carbonero (1992) .
Wheat kernels required less drastic treatments for surface sterilization than those from barley (7.5% (w/v) versus 10% (w/v) Domestos (Lever) for 30 min). Endosperms isolated under aseptic conditions were plasmolyzed for 1 h in CPW salts (Power and Chapman 1985) with 11% (w/v) mannitol as osmoticum.
Enzymatic digestion was performed in the same medium containing 0.4% (w/v) cellulase Onozuka RS in the dark for 14 h. After filtering and washing, the protoplasts were centrifuged (60 g 5 min) onto a 50% Percoll cushion.
The purified protoplats band was collected at the Percoll interface, washed with MSL medium (MS base medium containing 9% (w/v) mannitol, 3% (w/v) sucrose and 30 ml/l coconut water, pH 5.8), centrifuged (40 g 3 min) and the pellet resuspended at a final density of 105 protoplasts per ml.
Isolation of leaf protoplasts.
Wheat and barley seeds were axenically germinated for 7 d at 27~ under a 14 h light period.
The young green leaves (6 to 7 cm long) were cut into small pieces and plasmolyzed for 1 h in CPW salts with 13% (w/v) mannitol. Digestion with the enzyme solution containing 1.5% (w/v) cellulase Onozuka RS and 0.37% (w/v) Macerozyme Onozuka RI0 was for 14 h at 27~ After filtration (500 and 64 Bm pore size sieves) and washing with CPW 13% mannitol, the protoplasts were resuspended in CPW 21S medium (CPW salts with 21% (w/v) sucrose) and centrifuged (80 g 5 min).
The band of floating viable protoplasts was diluted in the transfection buffer and resuspended at the final density required (1-2.5 x 106/ml for leaf protoplasts to be electroporated or 0.5-1 x 106/ml for those to be PEG transfected).
Tobacco leaf protoplasts were isolated following the procedure described by Power et al. (1989) and resuspended at 1-2.5 x 106/ ml in the corresponding transfection solution.
Construction of chimeric genes containing different fragments of the BTI-CMe promoter fused to the GUS reporter gene. Chimeric gene constructs used for protoplast transfection are schematically represented in Figure  I . From a SalI-EcoRI DNA fragment of approximately 3 kbp (Fig. IA) including the promoter, the coding region and the 3' non-translatable region of the barley trypsin inhibitor BTICMe gene (Royo 1991) , five different promoter regions were obtained spanning from the indicated restriction sites in its 5'-end (SalI, KpnI, HaeIII, SphI, PvuII) to the first HaeIII site after the translation initiation ATG codon.
These were subcloned in the SmaI site of the polylinker in the pHW9 GUS containing plasmid (gift from Plant Genetic Systems, Gent) which produced an in-phase fusion with this reporter gene.
The 3'-non coding region was from the nopaline synthase gene (NOS) (Fig. IB) .
DNA transfection of protoplasts.
Two transfection procedures were used for plasmid uptake into barley and wheat protoplasts. The protoplast transfection mediated by PEG was adapted from Negrutiu et al. (1987) and has been described in detail in Diaz and Carbonero (1992) .
The second procedure involved electroporation of protoplasts with the Electro Cell Manipulator 600 (BTX electroporation system). Aliquots of 400 ~i, containing 1 x 106 pp/ml, in 0.65M mannitol were mixed with 30 Bg of the plasmid DNA together with 50 pg of herring sperm DNA, as a carrier, in prechilled cu- The numbering of the promoter region refens to the ATG translation initiation codon.
The positions of the TATA and CAAT boxes as well as the -300 endosperm box are indicated.
The nucleotide sequence of this promoter will appear in the EMBL-GeneBank under the accession number X65875.
B) Chimeric constructs derived from different endonuclease restriction fragments of the promoter in IA fused in phase to the GUS reporter gene (TATA box i; -300 endosperm box []). The 3' non-coding region derives from the nopaline synthase gene (Nos). The strong constitutive 35S promoter construct was used as a control. S =SalI; K = KpnI; H = HaeIII; Sp = Sph; P = PvuII; E = EcoRI.
vettes with a 2 mm gap between electrodes. Electrical fields ranging from 300 up to 850 V/cm were applied by discharge of a 200 BF capacitor.
Various discharge conditions were used with protoplasts from the different tissues and cereal species.
Following electroporation, protoplasts were diluted 20 times with the appropriate culture medium, centrifuged and incubated for 20-24 h at 27~ before evaluation of GUS activity.
B-Glucuronidase (GUS) assay.
This assay was performed using 4-methylumbelliferyl 8-glucuronide (MUG) as a substrate, by the fluorometric method described by Jefferson (1987) . Protein content was determined using the BioRad kit, with bovine serum albumin as standard.
A Neubauer chamber was used to count protoplasts.
RESULTS AND DISCUSSION
Protoplast isolation and transfection. The procedure described here produces routinely good yields (~3 x 106 pp per i00 kernels) of metabolically active protoplasts from developing endosperms of wheat and barley. From young leaves of both species yields are ~3.5x 106 pp per gram of fresh tissue (Table I) .
Barley endosperm protoplasts vary in size from 25 to 45 pm in diameter while those derived from wheat endosperm are between 25 and 35 pm.
Both types show a dense cytoplasm 6000 containing abundant starch granules. Protoplasts from developing endosperms of more than 15 days after pollination are difficult to isolate and transfect, and the yield of metabolically active transfected protoplasts ~5000 decreases sharply with starch content.
.~ Protoplasts obtained from young leaves of R wheat and barley present no species differen-M ces in size (15 to 25 ~m in diameter), morphology or viability.
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The optimal conditions for PEG and electro-O poration mediated DNA uptake into wheat and barley protoplasts have been established using the cauliflower mosaic virus 35S promo-3000 ter fused to the GUS reporter gene.
To optimize the electroporation procedure, we varied the input voltage between 300 and 850 V/cm keeping the capacitor to 200 pF and the pulse length at I0 milliseconds.
The last two pa-
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rameters (200 ~F and I0 msec) have been described as the optimal for cereal mesophyll protoplasts by Teeri et al. (1989) . In our hands, maximal GUS expression in transfected wheat and barley leaf protoplasts is at 625 1000 V/cm.
At lower initial voltages, transfecti0n diminishes, and at higher ones, very few protoplasts remain alive.
This electroporation method compared with the PEG mediated transfection procedure (Diaz and Carbonero 1992) , is " v approxlmatel~ three times as efficient in terms of final GUS activity per pg of plasmid DNA transfected (Table I) . However, with endosperm protoplastsf electroporation can not be used because even the gentlest conditions used (300 V/cm, 200 pF, 10 msec) produce a high cell mortality (<10% viable cells in barley; <2% in wheat; Table i ). The PEG transfection method previously described (Diaz and Carbonero 1992) remains the protocol of choice for endosperm protoplasts while electroporation (625 V/cm, 200 ~F, i0 msec) has been routinely used from now on for leaf protoplast transfection. aprotoplast yield for endosperm is referred to I00 developing kernels.
Yield for leaf protoplasts is referred to 1 gram of fresh tissue.
Values are means • standard error of 5 experiments. bprotoplast viabilities before and after PEG or electroporation (E) are expressed as % of protoplasts that are excluded by the Evans blue dye (Gaff and Okong'O-ogola 1971) . cGUS activity after transfection with p35S:GUS (30 ~g and 20 pg of plasmid DNA were used in the PEG and in the electroporation transfection treatments respectively) is expressed as picomoles MU per mg total protein per minute (average of 5 experiments). GUS activity could not be determined in the electroporated endosperm protoplast.
Promoter deletion analysis of the barley trypsin inhibitor BTI-CMe gene.
Wheat and barley protoplasts were transfected with the five chimeric constructs shown in Fig. IB , using as a control the 35S promoter used to the GUS reporter gene (Hauptman et al. 1987) . Results are presented in Fig. 2 .
The value obtained for the promoterless GUS construct expression was substracted from all data.
In barley endosperm protoplasts, GUS expression is from 2000-2250 pmoles MU/106 pp x min (%50% of that driven by p35S:GUS), when using four out of the five BTI-CMe constructs (pSp, pH, pK, pS), while deletion of the nucleotides between bases at -343 and -83 (construct pP), reduces this expression to <300 pmoles MU/106 pp x min (~8% of p35S: GUS).
This construct still contains the TATA and the CAAT boxes, but is devoid of the -300 endosperm box (Fig. IA) .
In wheat endosperm protoplasts, all the chimeric BTI-CMe derived genes gave a very low GUS expression (<200 pmoles MU/106 pp x min) ~ while the 35S expression is of the same order to that obtained in barley (4000-4250 pmoles MU/106 pp x min).
In cereal leaf protoplasts, transient expression with the BTI-CMe constructs is almost undetectable: ~I00 pmoles MU/106 pp x min, versus 5000-7000 pmoles MU/106 pp x min when the p35S:GUS is used (insert in Fig. 2) . similarly transfected tobacco leaf protoplast~ that were extremely efficient in transient expression with the p35S:GUS (37000 pmoles MU/106 pp x min), give <600 MU units when transfected with any of the BTI-CMe promoterderived constructs.
All these data indicate the species and endosperm specificity of the barley trypsin inhibitor BTI-CMe gene, and demonstrate that all the information required for it, is present in the 343 nt preceding the ATG translation initiation codon.
The observation that in wheat endosperm protoplasts, which physiologically are quite similar to those from barley, the GUS activity driven by the BTI-CMe promoter is only %20% of that obtained in barley~ may indicate that a positive transacting factor(s) needed for this trypsin inhibitor expression is(are) present in the endosperm of barley cv Bomi and absent in that of wheat cv Chinese Spring, as well as in the leaves of both species and of tobacco. Previous BTI-CMe mRNA data from our group show that this gene is specifically expressed early during endosperm development in barley cv Bomi while in wheat this mRNA is not detected (Rodriguez-Palenzuela et al. 1989 ).
